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Changes in physical characteristics of white pan bread by
addition of GABA rice bran and its extract
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Abstract A rice bran physically treated to increase the residual gamma amino butyric acid (GABA) content (200 mg/
100 g) or its hot-water extract (200 mg/100 g) was added into a white pan bread, and changes in the physical properties
including color, and volume and texture changes during storage at room temperature were examined. The addition of bran
powders had negative effects on bread quality and storage stability whereas that of rice bran extract (RBE) improved the
storage stability of bread. The lightness of bread crumbs decreased but the volume of bread slightly increased after addition
of the RBE. The increase in crumb hardness during storage was retarded by the RBE addition. The residual concentration
of GABA in bread was increased 38-fold when 20% of RBE was added. The addition of RBE to white pan bread
improved the resistance to staling and health-promoting function because of GABA.
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nom, 53] 2] 4
U= By, A 52 HUiste] we] 4 9 A
FPIA7= A7 =L At (Ragaee 5, 2011).
B(Oryza sativa subsp. Japonica)®] =R FAEZ
A= w7 (rice bran)y 2lo] A ¥ ohE} theket 7]
Bo shgsle] who] A @ A 7&7]ﬁx-l spayol &3
o7 A Udrk(Skurray 5, 1986). w|7delE AEA oF
W, vleleHI (B, E), /1A &, 9, vkl % 1 A
(Arab S, 2011; Kim 5, 200435 ofje} w7 A%, Sapn
o=, ZnlQ B AE (y-oryzanol), EZHE, EIEZ0|lL (tocot-
rienol), ¥ E4K(ferulic acid), ¥ EAKphytic acid), 7l =RHEZ
2F(gamma-aminobutyric acid, GABA) & T} AzjdA] 22 o]
ZA)3chBhatz} Riar, 2017; Sharif 5, 2014). 34 w752 A
Zalal dojRe Fradl @ v el Hrke A%
33 ArshAEo] FEUTHE B % SlTh(Sairam
SR ©Ed] WAk UK 739 ko]l A8 wj=
ol T AL F UARE HE] 10% oY 73
W] e, whe] Hl8-A 9 Hnks 7|55 7Ashe
AT B I E At Abdul-Hamid} Luan, 2000).
vlZdel FrE 7771578 AE 5 GABAT H|ThE o]
el TFAAANA ARG ARG ED F s
ZrA(Inove &, 2003; KalueffZt Nutt, 1996), 71715 7
(0h 5, 2003), G EL] HEZAFE(ORS} Oh, 2004), 7199
A (Kalueft} Nutt, 1996), ~E& 2 27 E7K(Vaiva 5, 2004)
T A rlsol e AR dEA Utk AT ohdst
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HHLim3 Kim, 2009). 3+
sh= 2HRsh= GABA @4
2E# 2 A7 WY Kim &,
2015)2 GABA®] 7¥sh= WP (Oh 5, 2019)0] 4
RS I\ =3

ko)

v Ae ads
& TFsE

Ao ALgE v7Fe F3(Jinchun, Korea)ollA A&
—-60°Coll BAste] ARE-sllom, Br7HE= thEHAlE(Seoul,
Korea), A&, &5 F)A LA D (Seoul, Korea), HEl= (F)5
d](Cheonan, Korea), &%= Jenico Yeast Co. Ltd. (Pyeongtaek,
Korea)ol| Al 33t AHE-3AT.

2ol = RE|ZAHGABA), 2754, AX A sulfosalicylic
acid), 5-2H(borax), oA =34 F(sodium azide) B L ZET}o|Y
d]3}0] = (ophthaldialdehyde, OPA) % 3-W|I}E2ZZ 5] 22H3-mer-
captopropionic acid, MPA)E X3t FEA3t Al Sigma
Chemical Co. Ltd. (St. Louis, MO, USAPIA T-}U3IAR L, ofHE
UolEY, ek, WEkE 9 oM EAE xFele 4] Aok
Thermo-Fisher Scientific Co. Ltd. (Waltham, MA, USA)IA
Yot ARE-FAATE

22|18 2| GABA 0|2 ¥ DiZFEE2 M=
Kim 50152 2813 2Ef2E Js v7 A
T35k, GABA "|7F& Alxsdth w7l pH 39
(electrolyzed oxidizing water, EOW)E A3l 30% 4
Zye g BEsla, dAvt S3E EEkeE 8714 SAIZ §
2 & gt AF7)(121°C, 108)2 o]g3le] ag x2S &,
F AX60°C, 6A7hate] Alxg -, v73te] g F7] faiA
YK )M FE E-27](Korea Energy Technology Co. Ltd., Seoul,
Korea)S AME-ato] E-8- A2 (120°C, 128)3k e o|2A E2l4
2Edf 2 AEE 7% GABA V|7HGABA 3 200 mg/100 gy
100 mesh A|E ARGl 7AE F ARESIGIoH, MFEES Al

=

Rt

o]

Al =

2 Az Al oigk 7t
A AR 24S Do
13+ 2t GABA W7 27HE 71 5, 10, 15, % 20% FH7ts)
o 2kg Az oH, vdFEES Hriet 5, 10, 15,
1 20%2] F5AS HUletE, s5de] FE 86.05%t
71z} Hrbehe 4o el A8t AlzstTh A
1S5S BE7](SMP-104C, Dachung Softmill Co. Ltd., Gwangju,
Korea)oll B3, 12} WEQ7°CAIA 70%), 23 LEB5°CNA 40
1), #7103 180°C, 3H 200°ColA 30%) ¥ 90 Sk A
ol YZAANF)A, 5eme] FAR ZHE 200x300 mme] FE =

T o =
Zzgduo] Yol T 25°C 4L LxolN wasTh

4
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7o S™Y BT

GABA W73 WIAFZES 37Ie Aol Ras S8
HAACC, 72-10)& ARS8t S48 TtH(Campbell 5, 1979). 2]
WS e T A7 Y 2E o83 ASXFA TR R
S5 GABA P73} mIFEES 7R Awe] ddx
= AzE AS 90%-5er Wk & sl
M =X

GABA "7} B WAFEES FEHE Hriste] Alxd AW
°] crumb FE3 crust S TR, A2 H =0l ZH2} 40, 40

[e}
2 10mmE A2 F 3k A=e AxAI(Model CM-5,
Konica Minolta Co. Ltd., Tokyo, Japan) AE-8 LA(HE),
a@EAE) 2 b ENE)S 33 W &A% & Fags 7o)
Aok ¥ 3 WA Fhwhite calibration palate)S AFE-SFAL,

B2 1=98.56, a=—-0.06, B b=-0.19°]31T}.
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GABA 1|7} ¥ m7532E
Ao 244]7F B

gl

3 BEHE Frisel Az A
F 397 23S T4 R 8
5g F3td 105°C2] dry oven (VS-1202D3, Vision Scientific
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o
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Co. Ltd., Buchun, Korea)ol4 3A|17F &<t Ax &

e,

Table 1. Ingredient formula of white pan breads added with treated rice bran and its extract”

Rice bran Rice brain extract

Ingredients (g) Control

P5 P10 P15 P20 E5 E10 E 15 E 20
Rice bran - 5 10 15 20 - - - -
Rice brain extract - - - - - 5 10 15 20
Bread flour 100 95 90 85 80 100 100 100 100
Water 63 63 63 63 63 59 54 50 46
Yeast 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Salt 2 2 2 2 2 2 2 2 2
Sugar 6 6 6 6 6 6 6 6
Butter 3 3 3 3 3 3 3 3 3

“Control was the bread without additive, P5-20 samples were the breads containing 5-20% treated rice bran, and E5-20 samples were those

containing 5-20% rice bran extract.
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BlAx &3

H2x S48 " A EA7])(TAXT-Express, SMS Co. Ltd.,
London, England)E ©]-&3le] F+ ¥ ¢4=538h= TPA (texture pro-
file analysis) "'HS ARE-3IRTE GABA W7 R WAFEES
FEHE Uil Alzd A A4 397 S50
Az Aol crumb FE-2 71, A=, 8=l Z47F 30, 30 B
200mm=z A2 F SA 3T S E(test type; measure force
compression, return distance; 20 mm, return speed; 10 mm/sec,
and contact force; 5g)e ©|83k] Ao 3-AE] #H(force-
distance curve)ZH-E] 2] 7% (hardness), B2 (springiness), L
3L 4314 (chewiness)®] S T3ttt

GABA & &3

AzE 2] GABA S =437 9131 HPLC (Thermo
Fisher Scientific Co. Ltd., Waltham, MA, USA)Z ©]&3}tHOh
5, 2019). 1 g9 "o AXAT| AL 8H(4%, 4.5mL), oehs &
A (80%, 4.5mL)Z 2% B EFEIATE EFEL 70°Ce] %
EFEA 301 5t J"S &, 158 59t 9A4EE(3,000 rpm,
403t FEHe Hh o] & WS 3 NiEste] de
ZMe PVDF filter (0.20 pm pore, Advantec, Tokyo, Japan)S
AREEte] o3 & EAe ALg-SkSdT).

FEA = AR 01 M HEAIEE-E gafE o=
grio|dslo| =) 3B EZR T 2AE ARSI Th(First 5,
1990). ASEZ 7H7He] A9k 2bs FY Alzdel ofsf whgA|
#How, £ FuE 30uLE FY3th. HPLC #4] ¥ Cl18
column (6 mmx150 mm, Acclaim 120, Dionex, Sunnyvale, CA,
USA), A%7]& ¥4 ZA=71(FLD, Ultimate 3000, Thermo Fisher
Scientific Co. Ltd.)& ARS-SIATE 3 AES 918 excitation It
A2 335 9 390 nmS AEEIATE o154 £0l(e1E54A; 10mM
sodium phosphate, 10 mM borax, 0.5mM sodium azide at pH
82, |54 B; 45% SMHEUCIED, 45% HIES 15% S7/F)
£ 12mL/min®] 522 ol ) ¥]&S 0-12 ¥, 10% B;
12-13%, 10-30% B; 13-17%, 30-90% B; 17-20%, 90-100% B
o]t}

SAHXE

7+ A Ade 33 NS el W RFUAE Ul
™, SPSS = 73 (Statistics Package for the Social Science, Ver.
20.0 for Window, IBM, Armouk, NY, USA)Z ©]&3}¢],
ANOVA #41& 4A] 81T} Duncan’s multiple range test2 L
frold s AR S8t (p<0.05).
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01Z ¥ o|ZF&EE &7t A" Ho)

GABA 117} B u|FE 59 Hrtgs deste] Alxe 2w
o] Ry, FA H v &HS 24 Table 29} Zc}. tix
T9] F3E= 996.7 mL, GABA 1|7t H7H= 5, 10, 15 2 20%
Tl 747} 8933, 876.7, 836.7 2 796.7 mLEA, W7ol 7}
o] VISP E Rue 9402 A THp<0.05). Bl7F
ZE H7E 5 10, 15 2 20% 582 747) 9984, 998.37,
995.0 ¥ 9834 mLolH, thx7¢F & 2ol e AoRE Ve
o} e H7Hel FAE 26242698 g0 & 2 2ol f191
o}, 2we] W]g-ALe W | go] XS FHE ou|siH, 2T
o] 7% 38mL/ge 2 7P =& 3E YERIY, GABA W7 A
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Table 2. Loaf volume and specific volume of white pan breads
added with treated rice bran and its extract"

Specitic vol.

Samples Loaf vol. (mL) Loaf wt. (g) (mL/g)
Control 996.7£15.3" 264.9+0.7¢ 3.8+0.0°
P5 893.3+11.5° 262.4+1.7° 3.4+0.0
P10 876.7+5.8° 262.9+1.6° 3.3+0.0°
P15 836.7+11.5¢ 268.2+0.9° 3.1£0.0°
P20 796.7£15.3¢ 269.8+0.7 3.0+£0.1¢
E5 998.4+7.6° 264.1+1.7¢ 3.8+0.0°
E10 998.37+12.6" 265.240.6° 3.8+0.0°
El5 995.0£13.2¢ 264.7+3.6° 3.8+0.0°
E20 983.4+5.8" 264.7+1.1¢ 3.7£0.0°

YData were expressed as meantstandard deviation of triplicate
measurements, and different alphabets in the same column were
different with statistical significance (p<0.05). Control was the bread
without additive, P5-20 samples were the breads containing 5-20%
treated rice bran, and E5-20 samples were those containing 5-20% rice
bran extract.

JHEE 5, 10, 15 2 20% TEEE Zb7 34, 33, 3.1 2 30
mL/g=A], F7Fgo] F71E4E H-8-42 st th(p<0.05). v
EFEE A7E 5, 10, 15 2 20% =2 7k 38, 3.8, 3.8
9 3.7 mL/gol™ tj27et AL Hs #he e

2lwe] THIZ(Fig. 1)ollA Role el 7o) GABA "7; &
7] S 't VRS Ae] Rurt aske Ag
ReRE I ¢ ol W, vidEEE WHe 15%H=
T s SRE0R ERlo] offARL, WHFEE 20% 7t
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A H(yeas)o] HEel o3 A7 7k
=7l ofsl A=, de] g o F4
o] P WeThFargestad 5, 2000). Alz¥ 2wl H7He
2ro]7h QI GABA W7 H7FE Zolle Urt
o] el w2} Bt fAashs A Bilon, oe

7RG o] F37) adive drelMe dt
e Ao Byr} ity Ayd
st a32 AZETHChun 5, 2001). PRI E oY
ol Al H7he] we} Fu7t fejdos
T A7t $EHKim &, 2000). ©]<F 3ol w7
Tag 9 wjdo] EAjstA] edoerz vH
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Fuo] AL W FE= A= 9
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01z ¥ OZFEE &7} Ao Mz

402 AE GABA W 2 WSEE] g o
2ot Azxst 2ol crumbd cruste] MEE S A=
Table 33 2Tt GABA "7t 9 wAFEES 7S 2w
crumb3} crust 5 WE(L)7F AAastal, QAT (a)et (b
Z7Fle ALE Yeth & da279 Lite crumbe 82.78-
82.52, crustZ 71.95-73.6°1™, GABA W73} v tEE2] 7}
o] Frrstel wel A} FASHATE 20% GABA w17+ A7t
(P20)y= crumb®] L7HS 51.94, cruste] 739 453301, 20% ]

o
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Fig. 1. Crumb of white pan breads added with treated rice bran and its extract.

EFEE

H7HH(E20)= crumb 71.76, crust> 66.04%th. X
9] aZke crumb 0.32-0.88, crust 7.77-8.26°]™, GABA v
}ob T 7y

[e]

FEEE] Hrbgo] Sl uiet Azt Skt e,
20% GABA 7|7} 75 crumbe 1039, cruste

17.490]9, W
BEZEE 20% JA7HE crumbS 444, crustS 12353t W A
Z Al Z2AsE 9] JS @ W crumbe crustEth =2 L
B 2 a9l baks ZHal 0oH, GABA HI7F ¢ U]ﬂ—’u‘%%

A71ol F7kgel et L, a % bkl §2149) Ao)t epsit,
GABA "|7}3} 732288 718 wo] AAFoZ Fe |

o

4

N

el

a

k= ash bk Zhe 212 GABA WSt MIFEES] A
ol 9FS = FA0E AztEM, n7 Ifo] A By ol
2}, Hjgh A olm] Akl GABASH $Hdo] ukgale wdEi=
Hk-S-(Maillard reaction)?] S7117] WOz AzpEc), we] A2
71ge) o3 Ae] d~Edste} 7HF4“*‘§}E A3 FFE WA
W(Chevallier 5, 2000), F2 W& Fol A&} o] JE3|

of el 22 A7} =ar, o wf A7 %1 3t opr]izdte] A
W ol vidEE WS Pkl 49 A Atk(Chung
2014). WP o} AL He vAds Al 7 Al w
7k AHashe e v ghgel S7H7] wiolekal Az
ok, Aol Ao o] ks wAde] Al Aagl E
gzt 7hzE o= 27 A 4= THChoi &, 2007). 4
o] Sl GABA It & wSEEe] H7F w20t

S71ESE, W7 AFIHSE See = gl z} I UdeH
Fig. 1), 2 Az Wi F 27 o] w2 GABA w7 3
VY wAAEEE bR A 3 %7% Ei=
0z ¥ OZ=&E &7} Alto] 2

GABA 1|7} & UVJ%%%Q ANHE GElste] Az A
< 13Y AFshAA RS Wals 24% A3, RE AR
A kel Wt 2% ol3lZ H% %Jct‘r(éﬂr AA] gh.
A A oizTe) drbe] 27] 24% 1952, A%
717 3UA, tz2Te] SR 40 ov 2319tk GABA

m7} 7o) A9 32 A B FESHES 40.7-41.7%9) 3, 1]

rEE A7 7§—°r 40.3-40.5%= VFERF, GABA ulﬂ U
AFE= Al Qs e AT vh AREE B B
ATHp<0.05).

g

v7ge] H7k A el nAEel Eeklnke APAsbt B
2 v e, ol Aol A Aol nFo] AAHS

4 el F715)7) uhgolek sk SItkLima 5, 2002).
=@, el 2% FREe] g % AR % 584 Hel

ofs BpEo] S7HeE Zlow Helth

i

o]

oz % oz
GABA 17} &
< 397 A
5}5 543 ZA¥= Fig. 29} A "aA] = 23 B4
73 % (hardnessy= Al7bo] AT wlet RE AROA F71F
Aot izl g Hrbre A F7he] Fo] WA e
Hom, 17*%% A7/ ARgSle A9 AE7F 7P wiek
o A419R, dxTe AEE 4382 gem™©]™, GABA V|7
20% A7 AL 10831 glem’E 7 =90 H, GABA 1]
7ol Hrteko] FUVErE foAoF molxith A% 717 3d
A, R A% & 900.7 g/en’elH, GABA H|7 20% H7+
94 ALE 15959 g/cm2i 7P =Tk W, A 19A RS
& A7l AL, 304-336 glom’E TIRTO) HlE] e ARE
E‘}?\E}(p<0.05). A% 717 394, PAEEE "7 ES, ElO,
E15 2 E209] ZAX7} zk2} 5072, 525.7, 5112 2 5394 glem’Z
7ol Bis) AASA Wik whe) Ry tizTek vy
A7HE W&k GABA nI7 A bRk fo4

Aol By

47}
%%«l A7rES 2yste] Alx
1(7:]\: A 9 QA

=
A
]— o1 T

].

w7
¢ g 5

jﬁr_

==

nAEFEE
o2 Axrt 7Kg BodTh o)y Axe e Ruvt S5 A

A717F FRF @A Ao] Arie ofd AT Aol A
Shth(Axford 5, 1968). 2Tt nI7dFE2E H7HE 7hl A7)
7y 2 R AT U]U]o]—‘:’i AR ZF AL Hels $7 &

Aui T T T
Aell 7108k Zlo] oideks e & 5 Sirh E3 thx79tk vl
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Table 3. Color values of crumb and crust in white pan breads
added with treated rice bran and its extract"

Color
Samples
L a b
Crumb
Control 82.78+0.39* -0.32+0.27° 17.19£1.10°
P5 68.76+0.89" 4.81+0.14¢ 24.33+0.49°
P10 61.36+0.42° 7.62+0.14° 26.78+0.25"
P15 55.93+1.23¢ 9.42+0.53" 27.82+0.98"
P20 51.94+1.33° 10.39+0.13* 28.00+0.35"
Crust
Control 71.95+0.49* 7.77+£0.26° 31.63+0.82°
P5 65.49+0.89" 11.01£0.31¢ 31.92+0.90°
P10 55.87+0.94° 14.88+0.92° 32.33£1.50”
P15 50.23+3.86" 16.25+1.82° 32.77+0.69"
P20 45.33+0.81° 17.49+0.35* 33.80+£20.38"
Color
Samples
L a b
Crumb
Control 82.52+0.27% -0.88+0.04° 15.07+0.22¢
E5 79.74+0.42° 1.21+0.20¢ 19.23+£0.78°
E10 75.33+£0.54° 2.90+0.15¢ 22.75+0.36°
El5 75.18+0.92° 3.32+0.25° 22.93+0.57°
E20 71.76+0.56¢ 4.44+0.02° 25.21+0.18"
Crust
Control 73.66+£2.14* 8.26+1.65° 31.36+1.33¢
E5 70.12+2.72° 10.03+1.88® 33.41£1.66°
E10 69.52+0.43° 10.25+0.42% 33.67+0.38™
El5 67.86+1.87° 10.72+1.45% 34.38+1.35°
E20 66.04+1.07¢ 12.35+1.19° 35.78+1.25%

YData were expressed as meantstandard deviation of triplicate
measurements, and different alphabets in the same column were
different with statistical significance (p<0.05). Control was the bread
without additive, P5-20 samples were the breads containing 5-20%
treated rice bran, and E5-20 samples were those containing 5-20% rice
bran extract.

o] atol7t ALl gloE=E ) A7
W3} 2po] AA] FE-FHFelA] 71%}
=) (= L P = Ear tﬂi}%
o] w3} ol Ty Wi ko] s zgol aJr %75
F7} tH(Chevallier &, 2000). 23202 n}3&E 7}%7}
7F e AxE HolM, Ui, GABA RI7t H7H w22 A
=71 Eobxith A=) nixy A2 4314 (chewiness)= THET-}
A7l A AlZke] Al mEl F71s9om, GABA P17 A
THEME 7P B2 3E 2, WASEE AN P
e e JERItHFig. 2). € /‘é (springiness) 0.4-0.52 %
T UM AL Aol glom, AR 77| A Fe=
ztol7t A9l YT ol dd 22 Ax), GABA RISl H7k= A
F F dovhe AE =3lo o3 "gl2Ae] HslE dAlsle &
= °*°Lb‘r H7FEEY] Wle AR 37 AT E 4
o] w3ls oAshe a3t FEHAL

02 ¥ DIAFEEE M7} Alte] GABA &2
Al A== L7FFE v|Ee] GABAZL SRS A
g Foll vidE= wkgol o3 iR I Eth(Lamberts 5,
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Fig. 2. Texture of white pan breads added with treated rice bran
and its extract. Control was the bread without additive, P5-20
samples were the breads containing 5-20% treated rice bran, and E5-
20 samples were those containing 5-20% rice bran extract.
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Fig. 3. GABA contents in white pan breads added with treated
rice bran and its extract. Control was the bread without additive,
P5-20 samples were the breads containing 5-20% treated rice bran,
and E5-20 samples were those containing 5-20% rice bran extract.
Bars marked with different letters were different with statistical
significance (p<0.05).
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